Well protected human and laboratory animal populations with abundant resources are evolutionary unprecedented, and their survival far beyond reproductive age may be a byproduct rather than tool of evolution. Physical approach, which takes advantage of their extensively quantified mortality, establishes that its dominant fraction yields the exact law, and suggests its unusual mechanism. The law is universal for all animals, from yeast to humans, despite their drastically different biology and evolution. It predicts that the universal mortality has short memory of the life history, at any age may be reset to its value at a significantly younger age, and mean life expectancy extended (by biologically unprecedented small changes) from its current maximal value to immortality. Mortality change is rapid and stepwise. Demographic data and recent experiments verify these predictions for humans, rats, flies, nematodes and yeast. In particular, mean life expectancy increased 6-fold (to "human" 430 years), with no apparent loss in health and vitality, in nematodes with a small number of perturbed genes and tissues. Universality allows one to study unusual mortality mechanism and the ways to immortality.
simplest case of, e.g., single cell yeast. Then physical experiments may relate the mechanism to processes in and genetics of a cell, and yield their microscopic model.
Materials and Methods
Demographic life tables present millions of accumulated mortality data in many countries over their history (see, e.g., HMD), which increased infant mortality 50-fold and doubled the life expectancy. For males and females, who died in a given country in a given calendar year, the data list, in particular, "period" probabilities q(x) (for survivors to x) and d(x) (for live newborns) to die between the ages x and (x+1) [note that d(0)=q(0)]; the probability l(x) to survive to x for live newborns; the life expectancy e(x) at the age x. The tables also present the data and procedures which allow one to calculate the values of q(x), d(x), l(x), e(x) for human cohorts, which were born in a given calendar year. All these data, together with fly life tables (Carey, 1993) , are used as "materials".
Total mortality depends on a multitude of factors which describe all kinds of relevant details about the population and its environment, from conception to the age of death: genotypes, life history; acquired components, even the month of death (Doblhammer, Vaupel, 2001 ) and the possibility of its being the late onset genetic decease (Partridge, Gems, 2002) . Age specific factors are also important. From 1851 to 1900 English female mortality decreased 2.6 times for 10 years old and by 5% for breast fed infants, prevented from contaminated food and water (Wohl, 1983) . Crop failure in 1773 Sweden increased infant mortality by 30%, and 3.6 times mortality at 10-14 years, above its value in 1751 (Statistisk Arsbok, 1993) . The 1918 flu pandemic in Europe accounted for 25% of all deaths, with 65% of the flu deaths at ages 15 and 40 years. It increased Swedish female mortality threefold at 28 years, but little changed it for newborns and elderly. Strongly tubercular mortality pattern in Japan prior to 1949 (Johnson, 1995) yielded equal infant mortalities in 1947 Japan and 1877 Sweden.
During the last century period mortality rates in a given country at 0, 10 and 40 years decreased correspondingly 50, 100, and 10 times. In contrast to such mortality decrease (primarily due to improving living conditions, medical ones included), the difference between period mortality rates at the same age and in the same calendar year in different countries is rarely more than twofold.
To elucidate the relative contribution of current living conditions, i.e. the relative role of nurture vs. nature in human mortality, Fig. 6 presents the change in the period mortality rates in Switzerland (during 125 peaceful years, from 1876 till 2001) and in England (from 1841 till 1998, which include the Victorian 1850-1900 years of contaminated food and water, and two World Wars). Their mortality rate at 10 years decreased more than 100 fold; infant mortalities, mortalities at 40 and 80 years decreased correspondingly 50, 10 and 5 fold. In contrast to such mortality decrease (primarily due to improving living conditions, medical ones included), the difference between Swiss and English mortalities at the same age in the same calendar year is rarely more than twofold. Short mortality memory (see the previous section), combined with strong mortality dependence on living conditions (e.g., in 20 years the probability to survive from 80 to 100 years in Western Europe increased 20-fold -Vaupel et al, 2003 ; female survivability to 80 years increased in Japan from 6% in 1950 to 73% in 1999), suggest to study period data and their dependence on q(0). Mathematics provides the method which allows one to establish universality and its law in uncontrollable non-stationary and heterogeneous conditions, to determine the relative contribution of different non-universal mechanisms, and to unravel a new unusual mechanism of universal mortality.
Results
Suppose (see the first section) that under certain conditions a dominant fraction of period mortality in all heterogeneous populations is accurately related to a specific number of parameters. Such conjecture is sufficiently restrictive to yield this universal relation and its conditions. Chose "additive" mortality variables, which are the averages of their 
According to a simple property of stochastic variables, if any average of an analytical function is equal to the function of the average, then the function is linear. However, linearity is inconsistent with experimental d(x) vs q(0) -see, e.g., Fig. 1 . Thus, universality restricts heterogeneity of q(0) to certain segments (which must be finite to allow for at least some population heterogeneity). This implies piecewise linear dependence: in the j-th interval (denote its population as an "echelon"), j = 1, 2, …, J,
Thus, the universal law must have singularities at echelon boundaries. When infant mortality q(0) of an echelon reaches its boundary, it homogenizes. Since, by Eq. (1) Equation (1) maps on phase equilibrium. Present it as
where
Then d (j) (x) may be interpreted as the universal "equation of state" of the j-th "phase"
and C as its "concentration" determined by q(0) = d(0). An echelon reduces to two, an arbitrary population to (J+1) phases.
Consider an arbitrarily heterogeneous population. Suppose its fractions and the fractions of its infant mortality q(0) in the j-th echelon are correspondingly c j and f j = c j q j (0)/q(0).
reduces to the universal dependence on these parameters and q(0):
where 0 < c j , f j < 1; Σc j = Σf j = 1. (Here and on the argument x is skipped in a and b).
In a general case three groups are sufficient to establish the linear segment (4), more groups allow for the verification of mortality universality with age.
By Eq. (4), in a general case the universal law reduces mortality to population specific parameters c j , f j and q (0); to species specific constants q j and functions a j , b j of age x.
The number of population specific parameters in Eq. (4) 
By Eqs.
(1, 4, 6), q 1 (0) = α 1 q(0), q 2 (0) = α 2 q(0), where
The crossover to the next non-universal segment occurs when, e.g., q 1 (0) reaches the intersection q 2 = (b 2 -b 1 )/(a 1 -a 2 ) of the first and second universal segments in Eq. (1).
Then q 1 (0) = q 2 implies, by Eqs. (1) and (4), that
[a subscript I denotes an intersection in Eq. (4)]. By Eq. (1), this intersection falls on the first universal linear segment or its extension. Thus, in all two echelon populations, Eq.
(4) crossovers are situated at universal segments, and this universality is the criterion of any such population.
When q(0)=0, then empirical universal law (Azbel, 1999 (Azbel, , 2000a proportional to the probability for a newborn to survive to x, and then to die before the age (x+1). When living conditions improve, the former probability increases, while the latter one decreases. In young age the probability to survive to x is close to 1, d(x) is dominated by the mortality rate, and thus monotonically decreases together with q(0). echelon, which will dominate future mortality and its law, and will yield better statistics in old age. Such echelon may also yield the d(x) maximum at 95 and even more years of age.
Demographic data (HMD) demonstrate that, except for few irregular years, at any time , 1948 Austria, 1921 -1996 Canada, 1921 Denmark, 1841 -1898 England, 1941 Finland, 1899 -1897 France, 1956 West Germany, 1906 Italy, 1950 Japan, 1950 Netherlands, 1896 Norway, 1861 Sweden, 1876 Switzerland . Consider the origin of such dependence on age. The number d(x) is proportional to the probability for a newborn to survive to x, and then to die before the age (x+1). When living conditions improve, the former probability increases, while the latter one decreases. In young age the probability to survive to x is close to 1, d(x) is dominated by the mortality rate, and thus monotonically decreases together with q(0). For sufficiently old age, low probability to reach x dominates. It increases with improving living conditions, i.e. with decreasing at 80 years it is ~6% in Switzerland and ~2% in Japan. If demographic fluctuations in mortality are consistent with this (minimal for a stochastic quantity) generic error for a given age, denote the corresponding mortality as "regular". Otherwise, denote it as "irregular". Human mortality is irregular only during, and few years after, major wars, epidemics, food and water contamination, etc.
Empirical study (Azbel, 1999) demonstrates that species as remote from humans as protected populations of flies also yield the universal law (possibly with a different number of echelons due to different developmental stages-see Azbel, 2004a for more details). Most remarkable and challenging is the same (when properly scaled with the species-specific values of q j ) dependence of human and fly functions a j , b j on age x , which suggests its universality for all animals. Homogenization at the crossovers was also verified (Azbel, 1999) .
Qualitative verification. In a given echelon the universal law reduces the period canonic mortality at any age to the same calendar infant mortality in the same echelon. This specifies demographic observation that infant mortality is a sensitive barometer of mortality at any age, and is consistent with clinical studies (Osmond, Barker, 2001 ) of human cohorts. Infant mortality depends only on short period of time (for humans, e.g., less than 2 years, from conception to 1 year). So, universal mortality at any age has correspondingly short memory. This implies its correspondingly rapid adjustment to changing living conditions, and a possibility of its reversal to much younger age.
Thus, a crucial implication of the universal law is its plasticity, which is closely related to its short memory. The latter is very explicit in experiments where dietary restriction in rats and flies is switched on (Yu et al, 1985 , Mair et al, 2003 . However, when dietary restriction changes to full feeding, their longevity remains higher than in the control group of animals fully fed throughout life. Also, when fly temperature was lowered from 27 to 18 degrees or vice versa, the change in mortality, driven by life at previous temperature, persisted in the switched flies compared to the control ones. Such long memory of the life history may be related to sufficiently rapid deterioration in living conditions (e.g., temperature or feeding, mimetics included) of the population, where death of the frail significantly alters genetic composition of the population. (Note that the universal law is valid when infant mortality little changes within a day for flies, a month for rats, a year for humans, but may significantly change within their life span). This calls for comprehensive tests of short mortality memory in, and thus of rapid (compared to life span) mortality adaptation to, changing living conditions.
Similar tests may verify a possibility to reverse and reset mortality of a homogeneous cohort to a much younger age.
The most biologically primitive animals which yield universality may elucidate its mechanism and the nature of "adjustment stairs" in the universal "mortality ladder". If, e.g., slow changes to different temperatures or erythromycin concentrations demonstrate short memory and universality in yeast mortality, then universality may be reduced to processes in a cell.
The universal law is independent of the population, its life history and living conditions. So, it must be related to accurate intrinsic response to their change. Thus, within its accuracy total mortality of a well protected population equals intrinsic mortality (this specifies the Carnes, Olshansky, 1997 suggestion that the universal law is valid for intrinsic mortality only), while extrinsic mortality is negligible.
The universal minimal and maximal mortality values in each echelon demonstrate and quantify the boundaries of the "stairs" in the universal "ladder" of mortality dynamics in progressively improving protected conditions- Fig. 7 . Flies yield the same (when properly scaled) universal law (Azbel, 1999 (Azbel, , 2003 . The universal law which is preserved in evolution of species as biologically remote as humans and flies, is arguably a conservation law in biology and evolution (Azbel, 2003) .
Thus, mortality in protected populations of humans and flies is dominated by the universal law. It is valid only in evolutionary unprecedented well protected populations, when "infant" (till 1 year for humans, 1 day for flies) mortality q(0) is small (less than 0.15 for humans-this specifies a protected population) and, e.g., for humans relatively little changes from one calendar year to the next (this defines "regular" conditions, in contrast to "irregular" ones during, and immediately after, wars, epidemics, etc).
During the life span of a generation infant mortality change may be very large (~50-fold), i.e. very rapid on such time scale.
Life expectancy and immortality. Non-zero minimal universal mortality beyond certain age implies universal maximal mean life span (whose upper limit is the maximal individual life span). For humans the universal law extrapolates it to ~100 years (Azbel, 1996 (Azbel, , 2003 . This agrees with human maximal lifespan, which remains ~120 years since ancient Rome (where birth and death data were mandatory on the tombstones) to present time. This is consistent with Strehler, Mildvan, 1960; Azbel, 1996; Carnes et al, 2003 .
The extrapolation of the Japanese piecewise linear dependence to q(0)=0 within its accuracy is consistent with the universal law d(80)=0 (see Fig.5 ), i.e. zero mortality at (and thus presumably prior to) 80 years. It is also consistent with the dependence of the period life expectancies e(0) at birth and e(80) at 80 years on the period birth mortality q(0) of Japanese females (Azbel, 2003) . If nobody dies until 80, then e(0) = 80 + e(80). In fact, the values of e(0) and e(80), extrapolated to q(0)=0, are correspondingly 93 and 16 years. Thus, e(80) + 80 = 96 years is just 3% higher than e(0)=93.
In contrast, a small number of perturbed genes and tissues increased mean life span in nematodes 6-fold (to 430 years in human terms), with no apparent loss in health and vitality. (One wonders how their cumulative damage, e.g., mutation accumulation, is eliminated). Universality implies this must be true in all animals, single cell yeast included; suggests that universal mortality is indeed a disposable evolutionary byproduct, and may be directed to immortality. .
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